C yclooxygenase (COX) is a key enzyme involved in prostaglandin production. There are two forms: COX-1 and COX-2. COX-1 is expressed constitutively on cell membranes in normal tissue, whereas COX-2 is inducible during inflammatory and neoplastic processes.
1 COX-2 is expressed by many tumours and there is growing evidence that it contributes to carcinogenesis. 2 It has been reported to modulate xenobiotic metabolism, to promote tumour growth, invasiveness, and angiogenesis, and to inhibit apoptosis. Many experimental and clinical models have also shown that COX-2 inhibitors suppress tumour formation, [2] [3] [4] and a COX-2 inhibitor (Celecoxib) has recently been approved by the Food and Drug Administration for the adjuvant treatment of familial adenomatous polyposis.
''COX-2 is expressed by many tumours and there is growing evidence that it contributes to carcinogenesis'' Nasopharyngeal carcinoma (NPC) occurs sporadically in the West, but ranks among the top 10 cancers in southern China, Taiwan, and parts of South East Asia, including Singapore. 5 Many aetiological factors, both genetic and environmental, have been implicated, key among which is Epstein-Barr virus (EBV) latent infection. 6 A recent study on a small number of NPCs has shown that EBV can induce COX-2, which in turn caused increased expression of vascular endothelial growth factor. 7 Apart from this study, there are limited data on COX-2 expression in NPCs. We have investigated COX-2 immunoexpression in NPC and its adjacent nasopharyngeal epithelium to increase our understanding of the role of COX-2 in NPC carcinogenesis and as a potential treatment target for COX-2 inhibitors. Because COX-2 is closely linked to angiogenesis, we also studied the association of COX-2 expression with tumour microvessel density (MVD).
METHODS

Patients
We studied 85 cases of NPC diagnosed from 1997 to 2000 via nasopharyngeal biopsies at the department of pathology, National University Hospital, Singapore. The ages of the patients ranged from 22 to 80 years (mean, 49.1); 76 were ethnic Chinese, seven were Malays, and two were Indians. Our study was approved ethically by the institutional review board of the National University of Singapore. The patients' clinical records were reviewed: the tumour TNM staging 8 and EBV serology were recorded, and either an EBV viral capsid antigen IgA of . 10 or EBV early antigen IgA of . 5 was classified as a raised EBV IgA titre.
Immunohistochemistry
Microwave antigen retrieval was performed in citrate buffer (pH 6.0) for 20 minutes. Endogenous peroxidase was blocked with 0.6% hydrogen peroxide in methanol for 30 minutes. Incubation with anti-COX-2 (Cayman Chemical, Ann Arbor, Michigan, USA) and anti-CD31 (Dako A/S, Glostrup, Denmark) was carried out overnight at room temperature. Thereafter, further processing involved the use of the EnVision kit and protocol (Dako A/S).
Assessment of immunostaining
All fields of the immunoperoxidase slides were examined by the two authors concomitantly, using a double headed microscope. Semiquantitative assessment of COX-2 immunostaining was done by consensus and comprised both intensity of staining (0, 1, 2, or 3) (fig 1A-C) and extent of staining (0, 0%; 1, , 10%; 2, 10-50%; 3, . 50%). The scores for the intensity of staining and extent of staining were multiplied to give a weighted COX-2 score for each case (maximum possible, 9). All cases with at least moderate staining intensity (2 or 3) in a minimum of 10% of the tumour cells were regarded as COX-2 positive (weighted score of > 4 out of 9). COX-2 immunostaining in the adjacent nasopharyngeal epithelium, both normal and dysplastic, was similarly assessed (fig 1D, E) . A tissue section of a case of invasive breast carcinoma was used as a positive control. For the MVD assessment using the CD31 endothelial marker, only microvessels within and in the immediate vicinity of the tumour tissue were counted. Tumour microvasculature was initially assessed at lower power (6100 magnification), and areas with the highest number of microvessels were then assessed at high power (6400 magnification) for each case (MVD) ( fig 1F) .
Statistics
Fisher's test was used to assess differences in proportions. The x 2 test for independence was used to examine a possible relation between tumour subtype and COX-2 expression. The statistical software used was StatXact 6.0 (Cytel Software Corporation, Massachusetts, USA). The two tailed student's t test (Microsoft Excel 2000) was used to compare the mean MVD scores between the COX-2 positive and negative tumour groups.
RESULTS
Histologically, 78 of the tumours were undifferentiated carcinomas, six were non-keratinising poorly differentiated carcinomas, and only one was a keratinising squamous cell carcinoma. After review, 39 of the 85 NPCs were also noted to have adjacent dysplastic epithelium (carcinoma in situ), as assessed by the presence of cytological and architectural atypia that affected the whole thickness of the epithelium. The cytological atypia incorporated nuclear enlargement and irregularity, with prominent nucleoli. 9 COX-2 expression was seen in 60 NPCs, 14 of the 39 samples of dysplastic epithelium, and one of the 25 samples of normal epithelium. Table 1 summarises these results. For the subtypes of NPC, COX-2 positivity was noted in 54 of 78 cases of undifferentiated carcinoma and in all six cases of non-keratinising carcinoma. The only case of keratinising NPC was COX-2 negative. The differences between these proportions were just short of significance (p = 0.058) The relations between COX-2 positivity in NPC and the adjacent epithelium, both dysplastic and normal, were also assessed. Sixty four cases of NPC had identifiable adjacent epithelium. Thirteen of 43 COX-2 positive NPCs also had COX-2 positive adjacent epithelium, whereas only two of 21 COX-2 negative NPCs had COX-2 positive adjacent epithelium; however, this difference was not significant (p = 0.114).
The MVD ranged from 0 to 64 (mean, 25.2) in the COX-2 negative NPCs, which was not significantly different from the MVD range of 1 to 59 (mean, 24.2) seen in the COX-2 positive NPCs (p = 0.774).
EBV serology results were available in 13 of 25 COX-2 negative cases and in 27 of 60 COX-2 positive cases. The incidence of EBV serological positivity was similar in the COX-2 negative (12 of 13) and COX-2 positive (25 of 27) cases.
Tumour TNM staging information was available in 79 cases. In the COX-2 negative group, nine patients were stage I or II and 13 were stage III or IV. In the COX-2 positive group, 17 patients were stage I or II and 42 were stage III or IV. There was no significant association between COX-2 expression and higher tumour stage (p = 0.423).
DISCUSSION
Our study showed that a high proportion (60 of 85) of NPCs expressed COX-2. The proportion of cases expressing COX-2 increased as the nasopharyngeal epithelium progressed from normal to dysplastic to carcinoma. Consistent with the notion that COX-2 contributes to various carcinogenetic processes, our observations suggest that COX-2 plays a role in NPC carcinogenesis. It is possible that COX-2 is involved in the formation of dysplastic nasopharyngeal epithelium and in the progression of dysplastic epithelium to invasive lesions, at least in some cases.
The concept of dysplastic nasopharyngeal epithelium as a precursor to NPC is in keeping with precursor lesions seen in other carcinomas. In practice, however, such lesions are not easy to recognise. Several different synonyms have been used: atypia, dysplasia, carcinoma in situ, and nasopharyngeal intraepithelial neoplasia. [9] [10] [11] In various NPC series the incidence of these lesions has been reported to be between 3% and 73%. 10 11 This large variability attests to the suboptimal recognition of this entity, mainly because of the absence of widely accepted diagnostic criteria.
''Consistent with the notion that COX-2 contributes to various carcinogenetic processes, these observations suggest that COX-2 plays a role in nasopharyngeal carcinoma carcinogenesis''
The clinical implications of the presence of dysplastic nasopharyngeal epithelium are uncertain. A report by Pak et al documented the subsequent development of invasive NPC in two of three patients initially diagnosed with NPC in situ. 12 Our finding of COX-2 expression in an intermediate proportion of dysplastic samples supports the neoplastic nature of this lesion and its possible invasive potential. A study of NPCs by Sheu et al also showed that an intermediate proportion of dysplastic samples expressed bcl-2. 13 Interestingly, both COX-2 and bcl-2 are antiapoptotic proteins and are closely associated in this regard. 14 Further investigations into the biology and behaviour of nasopharyngeal dysplasia are required.
We noted a trend for the epithelium adjacent to COX-2 positive tumours also to be COX-2 positive. This phenomenon has also been seen in carcinomas of the breast, colon, and lung, and has been attributed to a field effect. 15 16 Some authors have suggested that such adjacent non-neoplastic epithelium may be part of the disease process, and thus deserve further study as a marker for disease recurrence and as a potential therapeutic target. 16 We found no clear association between NPC histological subtype and COX-2 expression. This may be because of the small number of non-keratinising poorly differentiated NPCs and keratinising NPCs in our series. It would be interesting to study COX-2 expression in Western populations, which have a lower overall incidence of NPC, but appear to have a greater proportion of keratinising NPCs. 17 18 This subtype of NPC has been reported to have a worse prognosis, probably because of its relative radioresistance. 17 18 COX-2 promotes angiogenesis whereas COX-2 inhibitors have been shown to be antiangiogenetic. 19 20 Murono et al showed that EBV latent membrane protein 1 induced COX-2 expression, which in turn led to increased vascular endothelial growth factor production in NPC.
7 Surprisingly, we could not find an association between COX-2 expression and MVD in our series. One important reason could have been the limited sample size of the nasopharyngeal biopsies. In several studies that were able to demonstrate such a positive association, the tissue sections examined were probably sizable because the patients had undergone tumour resection. 21 22 Another problem encountered in some cases was the presence of areas of smudged and diffuse CD31 staining. Such areas precluded the accurate counting of microvessels and had to be disregarded, which may have introduced some bias.
The high incidence of positive EBV serology in our series is in keeping with the established association of the virus with NPC. Although EBV has been shown to be related to COX-2 expression, 7 the similarity of the incidence of positive EBV serology in the COX-2 positive and negative groups in our series suggests that other factors are probably also necessary for COX-2 expression.
In some cancers, such as breast cancer, COX-2 expression is associated with adverse prognostic features, such as larger tumour size and lymph node metastases, in addition to reduced disease free survival. 22 23 Despite having a fairly large study size, we were not able to show an association between COX-2 expression and tumour TNM staging, which is an important prognostic factor in NPC.
Radiotherapy has been the mainstay of NPC treatment. More recently, chemotherapy has appeared to provide additional benefit to patients with advanced disease. 24 COX-2 inhibitors have been shown to potentiate the effects of radiotherapy and chemotherapy on tumour cells experimentally. 25 26 COX-2 inhibitors have been held to offer some promise in the chemoprevention and adjunctive treatment of squamous cell carcinomas of the head and neck in general. 27 Thus, the role of COX-2 as a predictive factor for NPC, and of COX-2 inhibitors in the prevention and management of this cancer should be explored further. Other recent studies have shown that many NPCs overexpress the oncogene products, c-KIT and epidermal growth factor receptor, 28 29 both of which can be targeted by specific pharmacological agents. Normal epithelium (25) Clinical trials to evaluate the potential for such agents, including COX-2 inhibitors, in the multimodality management of NPCs would be useful.
Take home messages N Cyclooxygenase 2 (COX-2) was expressed in a high proportion of nasopharyngeal carcinomas (NPCs) N COX-2 expression was more frequently seen as nasopharyngeal epithelium progressed from normal to dysplastic to carcinoma, although COX-2 positivity was not associated with a particular NPC subtype N COX-2 probably contributes to the multistep process of NPC carcinogenesis N Further investigations are needed into the use of COX-2 inhibitors as adjuvant treatment in NPC, particularly in view of the fact that they potentiate the antitumour effects of radiotherapy, the primary treatment for NPC
